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Claim 

A surface processing method of metals characterized by forming a hardened layer 
through a surface hardening process in a surface layer area of a base material consisting of a 
metallic material that can be processed for surface hardening, and successively forming a 
metallic coat on the surface of this hardened layer of the base material with a high fusion point 
hard metal, such as Mo, W, Cr, Ni, TiC, and TiN, for example, by a gas phase surface processing 
method, such as an ion plating method, sputtering method, or a TiC coating method, for example. 

Detailed explanation of the invention 

This invention concerns a surface processing method for improving the hardness and the 
abrasion resistance of a metal through a gas phase surface processing after a surface hardening 
processing of the metal. It particularly concerns a surface processing method, in which a 
relatively inexpensive low-grade material that can be processed for surface hardening, such as 
chromium molybdenum steel and carbon steel for mechanical structures (SCM22, S45C), for 
example, is used. This is first processed for surface hardening by a carbonitriding method or an 
ion nitriding method, for example, the surface of this base material then receives a gas phase 
surface processing by an ion plating method, sputtering method, or a TiC coating method, for 
example, and a hard metallic product with an improved abrasion resistance is obtained. 

With high-speed mechanical sliding parts, such as valve locker arms and dif-pinion 
shafts, for example, in addition to the requirement of a property such as strength for bending and 
twisting, satisfaction of severe conditions properties, such as heat resistance or abrasion 

resistance, for example, is also required. 

Accordingly, the following surface processing methods have been conventionally used to 
conform the aforementioned mechanical parts, for example, to the aforementioned conditions. 

More precisely, processing for surface hardening by a method which flame coats a high 
fusion point metal, such as Mo or W, for example, by plasma flame coating, for example, on the 
surface of the base material, processing by a method which coats the surface of the base material 
by hard chrome plating by an electric plating method, and surface hardening processing of the 
base material by a carbonitriding method or a nitriding hardening method, such as gas soft 
nitriding, salt bath nitriding, or ion nitriding, for example, have been used. 

Regarding such conventional measures, the post-processing is complicated and difficult 
in the aforementioned flame coating method. Issues occur in the life expectancy of tools and 
other items. There also is a possibility for the occurrence of separation, and there are issues with 
separation strength as well. In the aforementioned plating processing method, separation also 
occurs easily in the boundary area between the base material and the plating layer, the process 
also requires a relatively long processing time and is not time economically desirable, and an 
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issue of pollution also exists. General condition performance is sufficient in the surface 
hardening processing method, however, when a mechanical part that must perform in the severe 
conditions described above is prepared, it is very difficult to obtain sufficient durability. 

While considering the aforementioned present circumstances and issues in the surface 
processing methods of mechanical parts, for example, that require the severe condition properties 
such as mechanical strength, heat resistance, or abrasion resistance, for example, described 
above, the inventors of this invention performed diligent research on the obtainment of metallic 
products with excellent mechanical strength for bending and twisting, for example, as well as 
with excellent heat resistance and abrasion resistance, and this invention was completed. 

The inventors of this invention have paid attention to gas phase surface processing 
methods, such as an ion plating method, sputtering method, or a TiC method, for example, have 
studied several types of said methods for obtaining surface processing through them, have 
proposed that application to products with a high Hertz stress is difficult when directly coating a 
high fusion point metal, such as Cr or Mo, for example, on the surface of a low-grade material 
because the strength of the base material is weak if the hard coating film is not formed thickly, 
and that they are not suitable for products that become fragile when bending, twisting, and 
impact, for example, are applied when the coating film is thick, and have gained the knowledge 
that the level of adhesion between the base material and the coating film increases by giving a 
surface hardening processing prior to this coating and then giving the aforementioned gas phase 
surface processing afterwards, so the mechanical performance improves, the heat resistance, 
abrasion resistance, and the impact resistance, for example, also improve, and a metallic material 
that can sufficiently withstand severe conditions can be obtained, and through this the invention 
has been completed. 

Accordingly, the objective of this invention is to offer a surface processing method as a 
surface processing method for mechanical parts, for example, that undergo severe conditions like 
in mechanical sliding parts, for example, which allows one to obtain a metallic product with 
excellent mechanical strength for bending and twisting, for example, as well as with an excellent 
heat resistance, abrasion resistance, and impact resistance and said product sufficiently satisfies 
the aforementioned conditions. 

Another objective of this invention is to offer a surface processing method which uses a 
base material that can be processed for surface hardening as the base material, such as 
inexpensive low-grade materials, such as SCM22 and S45C, for example. Accordingly, metallic 
products that sufficiently satisfy the aforementioned conditions can be obtained using 
inexpensive base materials, and the aforementioned can be economically mass-produced. 

Application examples of this invention will be described in detail along with the figures 
attached below. 
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Metallic materials that can be processed for surface hardening are used in the surface 
processing method in this invention. These materials are acceptable if surface hardening 
processing is possible. Accordingly, relatively inexpensive low-grade materials, like common 
surface hardening processing materials, such as SCM22 and S45C, for example, are used. Base 
material (a) consisting of this material is processed for surface hardening, and hardened layer (b) 
is formed in the surface layer part. As this surface hardening processing measure, a 
carbonitriding method, ion nitriding method, salt bath nitriding method, and gas softening 
nitriding method, for example, are used, and the hardness of the surface layer part of the base 
material is strengthened, and the base material is strengthened. 

Then, a high fusion point hard metal, such as Mo, W, Cr, Ni, TiC, or TiN, for example, is 
gas phase surface processed onto the base material, to which the surface hardening processing 
has been given, by an ion plating method, sputtering method, or TiC coating method, for 
example, an abrasion resisting metallic coating layer (c) is formed on the surface of the hardened 
layer (b), and a metallic material that withstands the aforementioned severe conditions, such as 
one with heat resistance and an abrasion resistance, for example, is obtained at the end. 

At the formation of this metallic coating layer (c), the surface hardening processing is 
first given because when a low-grade material is directly coated with a high fusion point hard 
metal, such as Cr, Mo, or W, for example, the application to products with a high Hertz stress is 
difficult unless the hard coating layer is formed relatively thickly because the strength of the base 
material is weak, and the product becomes fragile when the coating increases and is not suitable 
for products, to which bending, twisting, and impact, for example, are applied. Accordingly, 
when coating a high fusion point hard metal, such as Cr, Mo, or W, for example, it is necessary 
to increase the hardness of the base metal beforehand and to then form a hard coating layer on 
top of it. 

In the above, when the hardness of the base metal material (a) is improved through 
surface hardening processing, such as ion nitriding or carbonitriding, for example, and a high 
fusion point hard metal, such as Cr, Mo, or W, for example, is coated by a gas phase surface 
processing method, such as an ion plating method, for example, while maintaining a proper 
temperature by heating, a very small quantity of C atoms and N atoms on the surface of the base 
metal penetrate into the coating part on the surface through a heat diffusion reaction, close 
adhesion between the base material and the coating, such as Cr, Mo, or W, for example, 
increases, and the mechanical performance of the coating layer improves, and a metallic material 
that sufficiently withstands severe conditions, such as one with heat resistance, abrasion 
resistance, and impact resistance, for example, is obtained. With the series of these processing 
methods, the hardness of the base material in the surface layer part of the base material surface is 
increased through the surface hardening processing, such as carbonitriding or nitriding, for 
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example, therefore, the formation of the coating may be thin. A surface hardening processing is 
given and the aforementioned coating is also formed on the surface. Therefore, the surface 
hardened layer may also be formed thinly when compared to a type with this alone. As a result, a 
hard metallic material with excellent heat resistance, abrasion resistance, and impact resistance 
can be obtained without sacrifice of mechanical properties like tenacity, bending, and twisting, 
for example, that are possessed by the base material. 

The above will be explained in a graph in Figure 2. The graph uses a dif-pinion shaft as 
the test piece. This is tested using a dry method-increase load, and the results of the measurement 
are indicated. Each of test pieces A-D has the same conditions and lines A-D in the graph 
indicate the test pieces. In the graph, the horizontal axis indicates the load in kg, and the vertical 
axis indicates the coefficient of friction u. Material S48C (160 x 100 L ) is used as the test piece. 

This graph uses a soft nitriding hardening processed material as A, a hard chromium 
plating processed material as B, a Mo flame-coated material as C, and one that is processed by a 
soft nitriding hardening as the surface hardening processing method in this invention with Mo 
coated by a plating method as D. As clearly shown in the graph, A has a large coefficient of 
friction, and burning occurs when the load is near 75 kg. B has a smaller coefficient of friction 
than A, but burning occurs when the load is near 90 kg, and C has a small coefficient of friction 
but the coating layer separates when the load is near 38 kg. 

However, the test piece in this invention has a small coefficient of friction as indicated by 
D, burning does not occur even when the load is near 90 kg, and the aforementioned is proven. 

Figures 3 and 4 show examples of concrete systems for the implementation of the surface 
processing method in this invention. Both indicate methods for giving surface hardening 
processing through ion nitriding processing and further forming a coating as described above. 

Figure 3 shows an application example, in which ion nitriding processing and coat 
forming processing are simultaneously and continuously obtained within the same furnace, and 
its details will be explained below. Material to be processed (W) is placed within a furnace (1), 
the inside is evacuated by a vacuum pump (2), H 2 gas, for example, is introduced by a gas 
supplying measure (3), for example, and a dc voltage is applied between the metallic material (8) 
and the support (4) of the material to be processed (W) in this atmosphere, and said material to 
be processed (W) is heated to near the nitriding processing temperature through ion 
bombardment. Electricity may also be applied to a heating member (5), which is embedded in 
the support (4) of the material to be processed (W), and it may be heated in combination with ion 
bombardment. Next, gases, such as H 2 and N 2 , for example, are introduced in at proper 
proportions by gas supplying measures (3) and (6), and ion nitriding processing is obtained under 
a gas pressure of 1-10 torr in a specific period of time. During this, the coating metallic material 
(8), which is supported by an insulating and shielding member (7) at the upper part within the 
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furnace (1), is covered and protected by a conductive protector (9). This is used as an anode 
during nitriding processing, and the contamination of the material to be processed (W) and the 
support (4) during sputtering is prevented. 

The aforementioned gas supplying measures (3) and (6) are stopped after the ion nitriding 
processing, Ar gas is introduced by another measure (10), a voltage is applied to the metallic 
material (8) in an atmosphere of gas pressure of about 10" 3 torr, and sputtering welding is 
performed for a specific period of time. During this, the aforementioned protector (9) is 
separated from the metallic material (8) by an adjusting bar (1 1), which supports said protector, 
and said protector rotates, for example, and is adjusted to a position that does not interfere with 
the plasma space. The application of electricity to the heating member (5) i s also properly 
adjusted for maintaining the material to be processed (W) at a specific temperature. 

In the above, the surface hardening is processed through ion nitriding processing, 
however, the various types of surface hardening processing methods described above can 
certainly be used, and a sputtering method, ion plating method, or TiC coating method, for 
example, as described above can also be properly selected as the gas phase surface processing 

method after this processing. 

Figure 4 shows an application example, in which the aforementioned system is separated 
as a continuous furnace. Material to be processed (W) is pre-heated in a pre-heating chamber 
(20) to near the nitriding processing temperature and guided into an ion nitriding processing 
chamber (22) as a shutter (21) opens, which is deaerated by a vacuum pump (23), H 2 and N 2 
gases, for example, are introduced by a supplying measure (24), and the material to be processed 
(W) over the support (25) receives ion nitriding processing as described above. 

Then, the shutter (26) opens, and the material to be processed (W), for which nitriding 
processing has been completed, is conveyed into a sputtering chamber (27), which is air-tightly 
sectioned by this shutter (26). The shutter (26) then closes, the inside of the chamber (27) is 
evacuated using the vacuum pump (28), Ar gas, for example, is introduced by the supplying 
measure (29), and a voltage is applied to the metallic material (30), and sputtering welding is 
performed for a specific period of time. The shutter (31) is afterwards opened, and the material to 
be processed (W) after both processes is sent to a cooling chamber (32). Through this, each 
processing can be continuously obtained in the processing order, which is convenient for mass 
production. 

The application example above is the same as the aforementioned application example in 
Figure 3. 

In this invention as clearly explained in the explanation above, a metallic material that 
can be processed for surface hardening is first processed for surface hardening, and a high fusion 
point hard metallic coat, such as Cr, Mo, or W, for example, is then formed by a gas phase 
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surface processing method, such as a sputtering method, ion plating method, or a TiC coating 
method, for example. Therefore, a hard metallic product with excellent mechanical performance 
as well as with excellent abrasion resistance and heat resistance is obtained. 

More precisely, through this invention, a low-grade material, such as SCM22, for 
example, that can be processed for surface hardening, such as a common steel, for example, is 
processed for surface hardening by a measure like ion nitriding and carbonitriding, for example, 
and a high fusion point metallic coat, such as Cr, Mo, or W, for example, is formed by the 
aforementioned on the surface of this hardening processed layer. Therefore, C atoms and N 
atoms on the surface of the base material are partially diffused thermally, for example, through 
maintenance of temperature after hardening processing, and penetrate, for example, into the coat 
material. Through this, the adhesion between the base material and the coating improves, the 
mechanical performance of the coating, that is, the separation strength, for example, improves, 
and a processed hard material with excellent heat resistance and abrasion resistance is obtained. 
Accordingly, sufficient durability can be displayed in metallic products, such as valve locker 
arms and dif-pinion shafts, for example, that are used in mechanically sliding parts even under 
severe conditions. 

Through this invention, in addition to the aforementioned, low-grade materials, for 
example, are used, and the aforementioned coating formation processing is used in combination 
after the surface hardening processing. Therefore, the respective processing layer and coating 
may be formed thinly. As a result, a hard metallic product that has strong tenacity against 
bending or twisting, for example, can be obtained without hurting the characteristics of the 
material itself. The practicability of metallic products can be improved, and inexpensive 
materials can also be used. The surface hardening processing and the coat formation processing 
can be minimized unlike when they are respectively obtained independently. Accordingly, 
various characteristics are displayed, such as the obtainment of the aforementioned very 
excellent metallic products at low cost as well as with mass production, and the practicability is 
great. 

Brief description of the figures 

Figure 1 is an explanatory cross-sectional illustration of a partially enlarged material to 
be processed in this invention. Figure 2 is a graph, which explains the experimental results of test 
pieces of this invention and of conventional measures. Figures 3 and 4 are explanatory side 
cross-sectional illustrations showing examples of systems in the implementation of this 
invention. 

In the figures, (a) is a base material, (b) is a hardened layer, and (c) is a coating. 
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